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Possible conditions in an Accelerating Rate Calorimeter (ARC)
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Conversion of thermal data (temperature, temperature rate) to heat (Joule) and
power (Watt) with the aim of understanding of heat release to determine heat
removal requirements for thermal management.
To be measured:
Heat generation of the cell during charging and discharging –
Key data for thermal management and safety
Methods for the determination of total generated heat
 Cell effective specific heat capacity
 Heat transfer coefficient
 Reversible heat rate
 Irreversible heat rate
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Tiny, serially connected semiconductor piles inside
the sensor generate a voltage, which is proportional
to the heat passing through the surface. The voltage
is read out and depending on the sensor‘s sensitivity
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2) Isoperibolic Measurement
1) Adiabatic Measurement
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Comparison between fresh 18650 cells and 3 cell groups (each consisting of 3 cells) after cyclic (G1) or
calendaric (G2, G3) ageing for 30d: (a) Isoperibolic cycling (b) Adiabatic cycling in the ARC.










 average of G1 after 2C cycling at 25°C (30d)
 average of G2 after storage at -25°C and nominal voltage (30d)
 average of G3 after storage at 40°C and nominal voltage (30d)



















Isoperibolic measurements at 25oC












 average of G1 after 2C cycling at 25°C (30d)
 average of G2 after storage at -25°C and nominal voltage (30d)
 average of G3 after storage at 40°C and nominal voltage (30d)
 average of G1,G2,G3 before ageing
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Study of ageing effects of PHEV1 cells by thermal runaway tests






































































Pressure line (Ø 1.5 mm)
Internal pressure could be used in BMS for early prediction of processes leading to thermal runaway




























































Opening of safety vent
B. Lei, W. Zhao, C. Ziebert, A. Melcher, M. Rohde, H.J. Seifert, Batteries 2017, 3, 14, doi:10.3390/batteries3020014.
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 Ramp heating Simulation
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Step 1 - BMS 
Detection of mechanical, thermal, 
electrical abuse
Step 2 – Cell : 
Venting, CID, PTC
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t = 9 min
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